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Validity Issues with the In Vivo Measurement of Skin
Carotenoids Using Raman Spectroscopy
To the Editor:
The Raman method of measuring carotenoid content within
human skin was originally introduced in the Journal of
Investigative Dermatology (Hata et al, 2000). Since that time,
the technology has undergone dramatic development by
industry, which has invested millions of dollars (4 $60) and
is aimed at promoting its use to an international market. The
method was originally introduced as a means of assessing
skin cancer risk and is now also being developed (e.g.,
the Biophotonic scanner by Pharmanex, Provo, UT) as a
biomarker of antioxidant intake. Given the dramatic claims,
and widespread use of this technology, a critical assess-
ment of its validity is imperative.
Calibration of the raman count signal
Any method that purports to make a quantitative measure of
skin carotenoids must establish the relation between data
obtained with the method and the actual amount of material
within the substrate measured. The approach the authors
(Hata et al, 2000) used was to relate Raman counts (RC)
with total carotenoid concentrations measured within
dermatomed abdominal skin samples. This comparison, of
course, assumes that the postmortem samples adequately
model the area measured in vivo, namely, the palm. This is
unlikely (e.g., postmortem samples are bloodless, reducing
the attenuation of the Raman signal owing to absorbance by
hemoglobin). More significantly perhaps, the authors only
obtained comparison data on three subjects. The data are
shown in Fig 1. If the lowest value is included and assumed
to be 0.0 RC as suggested by the authors (a dubious
practice because the value was actually immeasurable
using their device but about 17 ng/g when measured
directly), the correlation is positive (as the authors assert),
but is not statistically significant (p o 0.41). To obtain an
adequate calibration, enough subjects would need to be
tested (e.g., by measuring RC and carotenoid concentra-
tions in palmar skin) to define the form and variability of this
relation. To date, the data shown in Fig 1 are the only
quantitative validity data that have been published.
Nonetheless, the authors assert that RC are an accurate
assessment of the total carotenoid content of the skin. In
fact, RC reflect multiple variables that are strongly influ-
enced by the locations tested, the conditions during testing,
and the personal characteristics of the subjects tested (age,
sex, ethnicity, etc.).
True carotenoid content For valid results, the Raman
method of measuring carotenoid content within the skin
must assume that there are no differences between
individuals in the laminar distribution of carotenoids within
skin layers. If differences exist, this would result in changes
in the Raman signal that would not reflect true variation in
overall carotenoid content. For example, individuals with
higher concentrations of carotenoids in the most superficial
layers of the skin would yield higher RC than individuals with
similar concentrations but in deeper layers. The method
would also be influenced by variance in the degree to which
the stimulating laser penetrates the skin. The authors
assert, without demonstrating, that the laser penetrates to
a depth of 250 mm. Effective penetration depth, however, is
highly dependent on the optical properties of each
successive layer of skin. This is analogous to having a
multilayered filter varying in absorption and scatter along its
thickness. To obtain an accurate assessment of carotenoid
content within the skin using the Raman method, the
laminar distribution of the carotenoids and optical proper-
ties of the medium would need to be independently
determined.
Interference by other chromophores within the skin The
authors note that RC change as a function of ultraviolet
exposure. This is one of the primary reasons that the
authors chose to measure RC in the thick skin of the inner
palm (although the calibration data was obtained on thin
abdominal skin) asserting that ‘‘differences in pigmentation
among various skin types are minimal in the palm’’
(Ermakov et al, 2001). Hemoglobin and melanin are the
main chromophores absorbing at the Raman wavelengths
of 488 and 527 nm. Individual differences in these
chromophores, however, even within photoprotected skin
(Alaluf et al, 2002), are not small. For example, Zonios et al
(2001), using diffuse reflectance spectroscopy, measured
light scatter, melanin, and hemoglobin content on the back
skin of 10 subjects ranging in skin type from very light
Caucasian to black African. They found that melanin
content varied by a factor of 48, hemoglobin content varied
by a factor of 1.86, and light scattering coefficients varied
by a factor of 1.4. With respect to melanin, these large
differences are reduced in the palm compared to the back
but are still substantial. In addition to high variability within a
given age cohort, absorbance by melanin and hemoglobinAbbreviation: RC, Raman count.
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change significantly, and in complex ways, with age (Na
et al, 2001).
Hata and colleagues (2000) note that ‘‘as Raman
spectroscopy is a linear method with respect to the
scattering molecule concentration, the Raman spectrum
intensity can be correlated with the carotenoid concentra-
tion in the skin, provided that the measurement conditions
remain exactly the same.’’ Although it is not entirely clear
what the authors mean by this statement, it is clear that
many factors vary both between and within subjects and
over time. For instance, scattering of light within the
epidermis changes throughout the day because of moisture
content and changes in blood and/or body fluid perfusion
(up to 15% in 20 min; Knuettel and Boehlau-Godau, 2000).
Reliability data for a given individual would not be
representative if RC were obtained in close succession as
opposed to what is needed: adequate sampling reflecting
changes in the properties of the skin over time.
The theoretical linearity of the method is also an issue.
The authors have not tested the linearity of the method in
actual tissue. They have, however, examined the relation
in vitro (e.g., ethanol solution). The method appears to be
unable to detect carotenoids lower than 20 ng per mL,
which according to the authors is equivalent to about 20 ng
per g of tissue. Above this level, the relation between RC
and carotenoid concentration is only linear up to the point at
which the pigment is sufficiently dense that it begins to
significantly screen the deeper layers thus increasingly
hindering further laser penetration. This same issue is a
problem when the methodology is applied (e.g. Gellerman
et al, 2002) to measuring carotenoids within the retina
(termed macular pigment). Most subjects have peak
macular pigment levels that are greater than the top of
their linear range (0.30 absorbance). For example, Ham-
mond et al (1997), testing 32 subjects, found that average
peak density in the very center of the retina was nearly twice
as high (0.58 absorbance).
Changes in epidermal morphology The Raman method is
based on the following assumption: ‘‘assuming that the
morphology of the stratum corneum does not change
appreciably from person to person, a consistent intrasub-
ject sampling volume should be realized’’ (Ermakov et al,
2001). It is clear, however, that the morphology of the
stratum corneum and underlying tissue both varies at
different sites of a given individual, under different condi-
tions for a given individual, and varies dramatically between
individuals (Rajadhyaksha et al, 1995; Norlen et al, 1997).
For example, compared to other areas, epidermal tissue
within the palm is subjected to high levels of mechanical
stress, which stimulates keratin expression within the
stratum corneum (Swensson et al, 1998). Also, of course,
epidermal morphology is affected by both intrinsic and
extrinsic aging factors (Jenkins, 2002). For example, photo-
protected epidermis tends to show age-related decreases
in thickness, density of melanocytes, Langerhans cells, and
cytoplasmic footlets (Benedetto, 1998).
Changes in epidermal morphology are probably most
pronounced in diseased skin making the use of the Raman
method most problematic for this group. The RC reported
by Hata et al (2000) for subjects with basal cell carcinoma,
actinic keratosis, and perilesions therefore cannot be
meaningfully interpreted. Consequently, the author’s con-
clusion that these data ‘‘represent the first evidence that
carotenoid levels in the skin correlate with the presence or
absence of skin cancer’’ is not warranted.
Conclusion Hata and coworkers (2000) assert that the
Raman method of measuring skin carotenoids is ‘‘. . .
precise, accurate, specific and sensitive’’ and assesses ‘‘. . .
total cutaneous carotenoid concentration.’’ We question
each of these claims except specificity. It is certainly true
that the observed Raman peaks are characteristics of the
class of carotenoids. Thus, the method is detecting
carotenoid signals (although which carotenoids, along with
their relative proportions would be difficult to distinguish)
somewhere within the outer 250 mm or so of the human skin
(although the exact depth almost certainly varies substan-
tially). It is, of course, already well known that the human
epidermis contains carotenoids. What is needed is in fact a
noninvasive method that provides an accurate measure-
ment of the carotenoids in a well-defined thickness of skin.
Without calibration data showing the actual relation
between Raman signals and actual carotenoid concentra-
tions, it is difficult to speculate how the Raman method
might be modified such that it could be used to obtain valid
quantitative measurements. As it is currently conceived,
the Raman method is confounded by a large number of
factors that vary both between and within individuals
(interference by chromophores, variability in the epidermis,
etc.); these changes are undoubtedly exacerbated in
diseased skin.
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Figure 1
The relation between RC and total carotenoid concentrations (nano-
grams per gram of skin tissue). The open square does not represent
actual data on the ordinate. Data were obtained from Table II of Hata
et al (2000).
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Author response
To the Editor:
In their Letter to the Editor, Hammond and Wooten (2004)
offer a critical assessment of the resonance Raman method
used to noninvasively measure carotenoid antioxidants in
human skin in vivo. We are pleased to use this forum to
address the issues in the order they were raised.
Raman spectroscopy is a sensitive and highly specific
form of vibrational spectroscopy that can be used to identify
and quantify chemical compounds. Carotenoid molecules
are especially suitable for Raman measurements because
they can be excited with light overlapping their visible
absorption bands, and under these conditions, they exhibit
a very strong resonance Raman response, with an
enhancement factor of about 5 orders of magnitude relative
to nonresonant Raman spectroscopy (Koyama, 1995). This
allows one to detect the characteristic vibrational energy
levels of carotenoids through their corresponding spectral
fingerprint signature even in complex biologic systems, as
in living human tissue. Any off-resonance Raman response
from other molecules present in the sampling volume would
be strongly suppressed under these conditions and would
be buried in background noise.
Approximately 5 y ago, we started to develop resonance
Raman spectroscopy for the noninvasive, objective, in vivo
detection of carotenoid antioxidants in human tissue.
Initially we applied the technology to the detection of
macular pigments, that is, the carotenoid molecules lutein
and zeaxanthin (Bernstein et al, 1998, 2002; Gellermann
et al, 2002a; Zhao et al, 2003; Ermakov et al, 2004b), which
are thought to play a major role in the prevention of age-
related macular degeneration. Independent trials using the
ocular Raman technology are in progress at several sites
worldwide. More recently, we have begun to develop
resonance Raman spectroscopy for the detection of
carotenoid antioxidants in human skin and mucosal tissue
(Hata et al, 2000; Ermakov et al, 2001, 2003, 2004a;
Gellermann et al, 2002b, 2003), tissues where various
carotenoid species such as lycopene and b-carotene are
thought to play an important protective role as well, like in
the protection of skin from ultraviolet and short-wavelength
visible radiation. Lutein and lycopene may also have
protective functions for cardiovascular health, and lycopene
may play a role in the prevention of prostate cancer. Skin
levels of these species may be correlated with correspond-
ing levels in the internal tissues.
Hammond and Wooten first raise concerns regarding the
calibration of the carotenoid Raman signals and point out
that to date relatively few quantitative validity results have
been published by our group. Certainly, validation is an
important aspect. We have shown in our original article
(Hata et al, 2000) for three excised female abdominal skin
tissue samples that carotenoid Raman response and
carotenoid concentrations as determined by chemical
means (HPLC) do indeed correlate on a rough scale: a
sample having a very low concentration as determined by
HPLC had a nondetectable carotenoid response, whereas
two samples with high and comparable concentrations
exhibited high and comparable Raman responses (see
Table II in Hata et al, 2000). In spite of the fact that skin
carotenoid levels are about 2 orders of magnitude lower in
skin compared to the human macula, and in view of the fact
that their Raman response is superimposed on a large skin
autofluorescence background, these first correlation results
are very encouraging because they demonstrate that
Raman spectroscopy indeed has the potential to identify
skin carotenoid levels in a noninvasive optical way. Further
data points regarding a direct HPLC/Raman correlation are
of course desirable, but they are difficult to perform on a
large group of healthy normal subjects in view of the
extreme invasiveness of the HPLC method, which typically
requires prohibitively large tissue samples. In spite of this
obstacle, we have started a study funded by the National
Cancer Institute that includes a comparison of carotenoid
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